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In order to produce the detailed wave structure and the ma :niti.: of
bang vertically below a supersonic aircraft flying in a non-uniforn.

atmosphere, one needs the following data:

1. Flight Mach number and altitude
2. Configuration of the aeroplane
‘ 3. Normal cross-sectional area distribution of the aeropl:ne
as a function of distance along aeroplane axis. Tkis
area includes the fuselage, wings, and nacelles.
See attached Figure.
4. For any flight Mach number of interest, one neecs the iift
distribution as a function of distance along aeroplare a»:::.
This lift distribution is obtained by integrating late -allv
the pressure forces on the lifting surfaces. See at ach::
Figure.
5. Range of crulsing. Cj AR.
C; AR is defined as
W
~ o, U? £

where 1 is the characteristic length of the zeropl: ne.
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SUMMARY

This brief report studies the pressure disturbance or bang
produced on the ground by a high-flying supersonic aircraft. The main
interest here is: (1) to assess the effect of the non-uniformity of
the atmosphere in atfenuating the waves from the alrcraft and (2) to
relate this to some gross paramefers of the aircraft.

The linear supersonic fiow theory is used To compute the
pressure disturbance at large distance from the aircraff and fThe
attenuation of this disturbance through a Rand standard atmosphere
is computed by a simple application of Whitham's theory. Formulae
for either a "lift-controlled" or "shape-contrnlled" bang are given
as a function of the gross parameters of the alrcraft such as flight
Mach number, altitude, size, slenderness ratio, |ift coefficient and
certain design factors which depend on rather detailed knowledge of

the aircraft In question.
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A NOTE ON THE PRESSURE DISTURBANCE AT GROYND LEVEL
CAUSED BY A HIGH-FLYING SUPERSONIC A[|RCRAFT

The pressure field associated with a supersonlc |ifting body can be
obtalned from The theories of |Iinearized supersonic flow of Hayesl and
Ward2 together wlfh the extensions to Include non=|inear effects at large
distances glven by Hayes and WhITham . The introduction of a non-uriform
variation of the atmosphere Is then straightforward as noted by whit-am.
A recénT extensive investigation by Struble et. al. treated this preolem
but thelr adaption of the Whitham technique to consider the effects of
aTmospheric variation appears to be Incorrect.

The difflculties encountered in the present note stem not from
a development of the above theory, but from an attempt to interpret ifs
results In ferms of gross" parameters of the aeroplane. Glven all The
detalls of area distribution, [ift distribution, etc., i is possibie te
obtain, within the |imits of the above theory, a preclse plcture or the
detalled flow at large dlstances. The compllcated non-|inear Infersctien
of the pressure waves produced by The "|[ft"-Induced and the "shape'-
Induced pressure flelds makes a general discussion of the behevior
under arbitrary values of all the relevant parameters Impossibie.

Indeed, ff may be deduced from this difflculty that The design of fre
aerop lane Itself has a particularly Important place in the slze of the
dlsturbance produced as the aeroplane flles at di fferent altitudes.
|f a small pressure disturbance were one of fhe design criteria of the
‘aerpp lane, 11 would seem possible fo arrange this. Whether such an

gerop lane would be acceptable from other points of view remains doubffu’.

AFQSR TN 58-1127
AD 207 781 -] -
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In general, it is possible fo extract an explicit form for

the variation of The pressure at ground level with helght for a particular
alrcraft flying at a fixed Mach number. The difficultles are associated
with comparing two different alrcraft or the same aircraft flying at two
different Mach numbers, If we |Imlf outselves to a requirement that the
result be In Terms of the Ygross" parameters of the alrplane.

For a given aeroplane flylng at a given Mach number, the llinear-
ized wave pattern far away from the body and near the Mach cones can be
calculated. This flow patfern serves as "initlal conditions” In con-
sidering the non-linear attenuation of the waves. Without a detalled
know ledge of the configuration and ift distribuftlion of the aeroplane,
one could not describe the procegss of interaction of the wave patterns.
However, asymptotically, The wave pattern will tend fo a single N-wave
{except in very special circumsfances where more than one N-wave may
persits), and it is the strength of the head shock of this N-wave that
The analysis predicts.

The linearized pressure fields due to the [Ift and due to shape
of The gliven aeroplane may interfere In dlfferent ways at different
flight Mach numbers. The Interaction controls fthe sftrength of the
head shock. In the present theory, one assumes that the bang heard
on the ground |s confrolled by elther the "lifting" pressure field
or The "shape" pressure field. In other words, one considers the
limiting case of when elther pressure field is so much more powerful
than the other one that the Interference effect s negligible.

For the lifft~conmtrolled bang, the pressure rise across the

head shock Is

2 34 ‘ ;
k Y M R §;ﬂé)
”PE— X (KE? ﬁ) lar T34 du(m,) ()

AFOSR TN 58-1127
AD 207 781 -2 -
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and fQPBJQ#%$£9£g¥¥?ST?ed bang, The pressure rise across the

head shock is . - Ha
P X /R (m@ Zd) .
7o (1) dul) ok e

where Pg s the pressure at ground level, My is the flight Mach number,
Mg Is the flight velocity divided by the speed of sound on the ground,
‘é Is a characteristic dimenslon, d| and dg are the design factors
(dy Is a function of flight Mack number and ds Is a constant for a
fixed aeroplane. See Appendix.), h is the altitude of flight, #(h} is
a functleon of the atmosphere and Is computed for the Rand standard
atmosphere and plotted In Figure |. The factor R/ is the slengor~
ness ratlo of the cross-sectional area of the aeroplane. The facte-

CLAR ls defined as

2w
AR =
CL Pk U".é?'
where W Is the weight of the aeroplane, 'Ph Is the denslity at

flight altitude and U is the fllght velocity.
| tn formulae (1) and (2), the approximation M‘%fﬂz-l has been
made, where M Is the flight veloclty dlvided by the local speed of
sound at any altitude below the aeroplane. Since the speed of soun:
variation for the standard atmosphere ls only about 104 for aititudes
below 80,000 feet, one could replace Mg by My In the formulae withe t
making any serious error. Thus, formulae () and (2) can be writter as:

Liff-controlled

£ =3, (ML) (qar) z4) de (M) 3

-!"\43/4
£-f E)mtdt B3R 4w

AFOSR TN 58-1127
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In principle, 1f the configuration and {itt distribution of

the seroplane are known in detail, fthe progress of the Interaction of
the linearized wave patterns can be predicted. '{he asymptotic head

"shock strength would then be given by

ap X 3 ﬁ(ﬁ) d (M <l2)2'___“_..—
Py ¥ (Mﬁ) Jamw “J%  ALs N RO R
where dig Is again a design factor which is quite a complicated function
of the conflguration and 1{ft distribution of the aeroplane. The de-
talled definition of d;, dg and dig will be given In the Aphendix. It
will suffice to state here that they are of order unity.
It Is seen from formulae (3} and (4) that no single parameter
appears to dominate either resulf.
[t is obvious that the effect of altifude is to decrease the
strength of The bang. The lift-confroliied bang is discussed first.
To increase altifude for an a@ercplane of & given weight and flight
Mach number would necessitate an increase In C ., which tends fo in-
crease the bang. Flgure | also shows the overall effects of altitude
for this case. |t Is seen that the bang stil| decreases with aiti-~
tude, but more gradually.
For a given shape of the aeroplane and @ given fiight Mach
number, the scale of the aeroplane is indicated by the length ,é .
I f CLAR Is kept constant, TPE ??ngls,diEGQTlX.REQR?ﬂI}?E?( to 5/4,
and if W Is kept constant (since ARC| is non~-dimensionallzed by a factor
4£.&5, the bang is [nversely proportional to Y %, This shows that for

Ea

a gliven fotal 1ift, the more spread out the lift distribution Is the {ess i

bang it makes on the ground.

AFOSR TN 58~1127
AD 207 781 -4 -
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If the bang Is shape-controlled, then for a given shape of tne

aerop lane, formula (4) gives expllcit Mach number dependence. The
Interpretation of this formula isg then expllcit.

In general, both the lift-controlled and the shape-control led
pressure flelds will be headed by a compression phase In the groundward
direction. Thus, the two pressure fields will tend tp relnforce each
other as they Interact. Therefore, by computlng the !iff—cbnfro!leﬂ'
and shape-controlled disturbances by formulae (3) and (4), the larger
of The two will give the minimum bang produced by the aeroplane under
the most facorable interference condl!tions.

It must be reallzed that these results are also sub ject to
the limitatlens of the theory Itself. Damping effects due to viscosity
oufside the shock waves and reflections at local temperature dlscon~
tinultles are not Inciuded. Both these effects might tend to reduce
The pressure variation. [t would, however, be pessible to thlink of a
temperature varlation which could focus the waves and, hence, producs
a locally very large pressure dlsturbance.

As the thickness of a shock wave varles inversely with Its
strength, the thickness of the head shock wave would become comparahb ie
fo the slze of the N-wave itself at very targe distances. A more re-

fined theory Is then needed to conslder thls effect.

EXAMPLE :
Aerop lane A Aerop lane B

M 2 3

R/ Same Same

4 | 2

h 50,000°" 70,000!

c Same Same

Aﬁ Same Same
AFOSR TN 58~1127
AD 207 781 -5 -
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Then for the "{lfi"-confrolled p%essure

2 Pa

[t f'I

and for the ""shape''~controlled pressure

s YNV
Y [

Wwhere we have assumed d

5 and d; to be the same for the Two aircraft.
In view of the approximations used in The Theory, it would not
be reallstic to take variations of less than 20% as slgnificant. In
general, we would expect the (iff~contrelled pressure Yo be most
important. Thus, the resulf would seem To indicate thalt Aircraft B

will give about the same disturbance as Aircrait A.

AFOSR TN 58-1127
AD 207 781 -6 -
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in general

——;LA;——H" et —— Ty
do=1 | & an
] f_o {FL(TH L* f C AR F‘(t)}dz

where_FL and F3 are the disturbance functions assoclated wjth the

11§+ distribution and area distributions. The |Imlt of the integrat on
7:-LS is assoclated with the detalled wave pattern of the lincarizad
flow field {see WhITham4 and LighThlll5 for a more detalled discussion
of this point).

FL is defined ms

Y, T odL
R=Wf7-==—5’?
o -t
where L Is |1ft per axial distance and Fg Is deflned as
. T d/z
s
Fo= / 7= e
arRs J, /’Ti?:TQET_'

where S Is cross-sectional area of the aeroplane. Both F| and Fg ar:

non-dimensionalized quantities. For dlfferent aercoplanes of very
siml lar design, one might expect the corresponding design factors to
be roughly the same. This is the justification for assuming dj and 4§..
to be the same in the given example.

The two limiting cases considered correspond to the fwo terms

In the Integrand:

do-[[Frar . de=[[TR 4

In these cases ’tl'and Tfs denote the first zeros of F| and Fg,

respectively.

AFOSR TN 58-1127
AD 207 78| -7 -
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The altitude function Z(h) 1s

: [T &k
@7 v‘{ ﬁ,/ C(_/ i /

-
Jo [Fa™7

where a [s the speed of sound.

AFOSR TN 58-1127
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Abstract: This brief report studies the pressure disturbance or bang

produced on the ground by a high=flying supersonic air-
craft. The main interest here is: () to assess the effect of the
non-uniftormity of the atmosphere In attenuating the waves from the
aircraft and (2) Yo relate this to some gross parameters of th:
aircraft. )

The linear supersonic flow theory is used to compute the pressure
disturbance at large distance from the aircraft and the attenuation
of this disturbance through a Rand standard atmosphere is computed
by a simple application of Whitham's theory. Formulae for either

a "lift-controlled" or "shape~controlled" bang are given as a
function of the gross parameters of the aircraft such as flight
Mach number, altitude, size, slenderness ratio, |ift coefficient
and certain design factors which depend on rather detailed
knowledge of the aircraft in question.
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\ A SPECIAL CASE
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I. Introduction

The past two years of B-58 flight operation have emphasized the importance
of the sonic boom problem. These two years have created an acute awareness among
industry and military service members alike of the adverse publie relations
arising from booms.

The boom problems facing USAF are going to inerease rapldly in the next
few years. Beginning with the long sustained supersonic crulses of the B-58
in 1¢s £light test phasc the frequency of publiec eomplaints nas risen sharply.
Later this year the B-58 enters its operational life in the Strategic Alr
Command. A gecond upsurge of cemplaints is expected when training flishte are
caommenced over heavily populated areas such as are scheduled in SAC's operations,

The problem will be further accentuated by the introduction of the B-T0
into flight test and operational phases. And finally, the arrival of military
and commercial supersonlc transports will irrevocably focus the public's
attention on the sonic boom. The variety of new aireraft shapes, sizes, and
performance characteristies will add more complexity to the Intensity and
frequency of booms, Ranging from small intereeptor misasiles of tne Somare gype

to he auge loby range bombardment and transport craft flying at aypersonic

EIETISE— LM e e s e e s
| :

& ‘ [ LMl L e Wee e e o8 e ol 0 e d il b o puboah . SR WANMRYY

o ot N B e b o e b ) 5 he i 5 3 o 5 - 2oy e MR ARy D w e E e e
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Approved For Release 2003/09/26 : CIA-RDP71B00822R000200010001-5



e

Approved For Release 2003/09/26 : CIA-RDP71B00822R000200010001-5

Of obvious importance to both the designer and operator of Bupersonic
alrcraft is the pressing need of a reliable method of predicting senic boom
intensities, distributions, and ground coverage, While a mmber of reports
dealing with analytical prediction methods have been publiashed recently®,
very little effort has been expended to experimentally verify these pre-
dictiona., Asxide from limited comparisons of theoretical and cxperimental
booa results made by this Bivision, Convair knoug of no integrated evaluations
of asuch value as to permit confldent predictions of new aircraft.

The Langley Research Center of NASA has condueted some model and £light
tost measurements of Looms but mot in an integrated program as 1o required,
Accordingly Convair proposes the combined wind tunmel and flight test
program of sonic boom investigation as is embodied in thiz report. It is
our opinlien that this program 1s needed to provide reliable boom eatimates
of present day and future high performance alreraft.

*For example, see AFOSR TN 88-1197 Report No. 484 (AD 207781) prepared by
the Gas Dymamies Laboretery of Princcton niversisy,
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II. The Composition of Senic Booms and a Recommended Course of Action

Existing theoretical methods for Predicting "sonie boom" intensities have
been surveyed, exploited, and compared with existing experimental data. A break-
down of a sonic boom with its ingredients is shoun in Figure 1,

the product of Pive basic parameters, each of which in turn is affected by one or
iore factors. The succesaful predicetion of the sonic boom intensity created by a
supersonic vehicle ig dependent upon the experimental verification of each of thege
five parameters.

The first parameter le controlled by a combination of conf: guration geometry,
angle of attack, and flight Mach rumber. For example, inereases in con{iguration
thickness ratio, angle of attack, or Speed all tend to create & lewder boom,

The second parametor 1 4overned by the ratic of aiperaft size (as typified
by its length) and the distance from the aircraft flight path to the obgerver,

The pressure at the flight altitude 1a the third parameter. The boom
fverpressure is directly proportional to this preasurs,
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The influence of the local terrain on the absorption and reflection of
incoming acoustical waves is the fourth parameter. As an example, free air
overpressures are dowbled by the ground reflection from a flat surface such
as a paved atreet or sidewalk. ‘

Each of the above four parameters can be inveatigated by carefully planned
wind tunnel experiments. And it 13 of interest that the Convair and Princeton
boom amalyses agree on the form of each of these parameters. The only disagreement
between the two 1s over the Pifth paraseter, the attenuation of the booa through an
actual atmosphere,

The inability to achieve controlled gradients in preasure, density,
temperature, molature and other properties precludes use of wind tunnels to
explore the attenuation through real atmospheres. To achieve this, aetual flight
tests must be conducted wherein boom measurere nts are recorded from supersonic
aircraft flying overhead. ‘fwo existing flight articles should yield the necessary
data to determine actual attenuation. These are the B-58 bomber and the Bomarc
misalle,

Attention 18 called to the fact that P-101 and F-100 alrerall are SOION Ly
thiltzed oy Comvalr, Port Wurth, as "chass planes” during p-58 Ciigny teat
nperations. Sonie boom resordings of these alscralt Ul be sonveiienbly owbaioeu

over ine samc best range wikl under the pame test conditions as the 58, Ho cosl
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eatimates are included herein for the addition of these two Bupersonic alreraft
to the proposed B-58 sonic boom data program. However, it is pointed out that
no additional inatrumentation or manpower would be required in the flight teat
program. Additional model construction coets to be encountered in adding small
models of these alrcraft to the proposed wind tunnel program would be slight.

Convair believes that boom predictions for arbitrary vehicle geomeiries

and flight conditions can be reliably determined from a coordinated wind tunnel
and fllght program of the B-50 and Bamarc. Analysis of these should Jield a
reliable method of extrapolating wind tunnel boom measurements of any particular
supersonic vehicle to full scale operating conditions., The four steps of this
program are:

1. Wind tunnel tests of the BE-58 and Bomare.

2. Flight tests of the B-58 and Bomare.

3. Determination of gemeralized "seale"” effects from analysis
of the B-58 and Bomare flight and model data,

4. Correlation of wind tunnel boom measuraments of the particular
vehicla by the reaulis of Step 3 to attain full seale sanic bookt
predictions in vhe zarth's atmosphera.

THL PUIEO8R) T80l pn Uil s ke ik b pheds W paozdwileed ol L0E

S 2 €3
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III. Wind Tunnel Tests
The configuration geometry, size, and Mach number as well as obaerver

distance and pressure effects ai}l gg investigated in the N.A.3.4A, Lewis
Research Center 10 rootk;upe;adnic wind tumel$. Small, inexpensive models of
the B-58 and Bomarc will be used to generate "sonic boom" overpressures which
will be recorded at various stations throughout the test section as shown in
Figure 2. Models will range from 2 to 12 inches in length.

The 10 foot supersonic wind tunnel at Lewis 1s capable of Mach numbers
up to 3.6, "Boom” overpressures have not been measured in this tunnel but
the needed instrumentation and test techniques have already been developed
by the Langley Research Center and can be nmade avallable to Lewis.

A table summarizing the wind tunnel program 1s presented in Figure 3.
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IV. Flight Test Program
Selection of the B~58 and Bomarc vehicles for the proposed flight test

program has been dictated by their abilities to geperate controlled data at
high Mach numbers and extreme altitudes. Data ®ill be gathered in performance
realms asaigned to each vehicle as follows:

TYentcle Mech Namber Alsitude
B“"B& 1:5 -2 M,Q@O ft;
Bemare 2.6 or higher 60-7C,000 £t.

T™his data will bpe recorded on several different test dates 1n cerder to obtain

-

a reasonavle sampling of the eifecls ol almospharic irrezularities, Temperature
and wind Jdlstributions, cloud covers,and atmospheric mcisture content existing
at the time of each test run will be recorcded. This information wlll be needed
to gulde the data reduction, analysis, and correlation required to define
atmespheric attenuation effects. Vehicle Hach number, altitude, and coffset
distance must be recorded on every test run.

Convalr and N.A.3.A personnel have arrived at common degislions relatlng
o inmtromentation tesiniades, Porellel St indepsndent experience shows that
“monic boom’ overpressures saeuld be recomied witn inslrumentation systems havin,
both high and les Crequency resnonse CARERLLITi@s. The Proposeu Lecimlgue Ymd s
Far masiGomonen LEC Sf Lores (s aifieessl epe poeddddie Liadbonolin gl

R B
cach dats gathering staticn., The CLE.C. Type i4.380 Sound Sicsluss weved
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Pickup has been selected due to 1ts wide-band frequency responae(ggéilow unit cost.

An Altec-Lansing Model 21 BR{150 db) Condenser Microphone and a Statham Model
PQTTC-0.05D-350 Pressure Transducer are called for to permit correlation with
earlier data recorded with these instruments. All this equipment is readlily
avallable commercially. Additional instrumentatlon detalls are covered on later
pages.

A1l B-58 data will be obtained by Convalr as a part of its present flight test
program. Three acoustlcal detection stations will be required to properly cover the
boom swath as shown .n Figure 4. iined up perpendicular te the flight corridor they
will insure adequate coverage in spite of inevitable deviations from the prescribed
f14ght path, The width of this path is revealed in Figure 5 which shows the path
and resultant reported complaints arlsing from the booms of a recent B-58 test flight.
The width of thig boom swath iz indiceted to be about 100 nautical miles, roughly
twice the theorstisally predicted value. A reported selamograph reading at the time
of thie "sonic boom" incidemt incited local news reports of an unprecedented "Amarillo
Earthquaie, "

During the proposed B-58 test peried it would be possible to achieve additional
useful date assoclated with sonlc booms. For example, the nose boom of a chase alr-
plane used in the testing could be pressure instrumented to directly verify the freec
@il PLeoSuctl Bullvidliig Uit DLn® s mgamia? Ty the wtnd fremed Thews date wonld
e o e i TRAE Tr delemalolne She cffoct of 2 hoon frov one atwewaft steiking

D A A Ay b Al e VaGdsas vy e
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The Bomare boos data may be gathered at two Florida sites in the near
future. During the months of March apd April, the Boeing Alrplane Company
will eonduct two more firings at Cape Canaveral sultable for boom measurementsa,

Starting "soon" (presumsbly in March) USAF 1s to commence training firings
of Bomarc from an Eglin Field installation. The rate of firing is understood
to be one per week. This series of firings should prove quite beneficial 1in
seneriating valuable boom dats,

In addition, B-53 airereft #3 is eurrently schednled to he based at
Eglin Fleld for fire eontrol testing from rid-March through December 1959,

This aircraft migat cohveniently be flown over the sanic boos duta recording
range praposed for Bomarc in order to gain "sonic boom" data for the B-58
and Boparc under the same atmospheric conditions. Sueh £lights would insure
correlation of Bomarc flight test data with that recorded in the B-58 flight
test progrem at Port Worth,

As sketohed in Figure 6, five small craft (patrol or crash boats) would
be positioned about 40 miles to sea in & line nomal to the flight path, Aboard
each boat would be & compleie boow aetection paekage.

Figuare 7 gives o compariaon of predicted amd recopded Loom leveis of the
B-58. Predicied YRGS of DOOm LeVels Bntteivmtmd Prer Ymmear oo ety

Bupersonic vehigles Buch a8 a typical B OO0 Th., homiven R B e I K oTa el

; eI S T B S B o .o
L LT L RN 2T e Livetrano? o (TN BT E LN
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V. HMethod of I)aga Analysls

Convair's analytiecal approach to the "sonic boom™ prediction problem is
essentially the same as was adopted in the Princeton Report. 'The effects of
configuration geometry and size and Mach number are identical in both analyses.
However, differences in the prediction of “sonie boom” intensity result from
differences 1n the atmoapheric attenuation effects assumed by each organization.

Wind tunnel test results will be summarized and presented in the form of
the basie parameters common to both Convalr's and Princeton's analyses. Isolated
effects of configuration zecmetry and size and Mach number will be clearly defincd,
These data summaries will provide reliable predictions of initial "sonic boom"
intensities, prior to any atmospheric attenuation or refraction, for the B-58
and Bomarc.

An evaluation of atmospheric attenuation and refraction effects will be
derived from direct comparison of wind tunnel and flight test data. The flight
test data will be analysed to determine the effects of non-standard temperature
gradients, wind gradiemts, cleoud cover, snd atmospheric moisture content. A
imowledge of the effects of these phenomena upon the properties of sonic booms
1s prerequislite to accurate predictiona of booms propagating through real

atmospheres,

Figars T Pilistoalen lhe piuposed meuive v G@abe ALY i me Az LHEMEULa e
valuz of this oropesen] dais anaiyeis in et o et B TaYw npeomar o g1 e
PEULCLL Ly i o wd kb ik by AWML B AL G VoL G AEE 5 QDY OUS .
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VI. |[entative Schedule

The tentatlve schedule, 1llustrated in Figure 9, has besn sst in accordance
with the immediate needs for the propeosed data., Implementation of the flight teat
program, in partliculsr, should be inltilated at the earliest possible date. Previous
sxperience gained by Convalr persomnel in gathering "sonie boom" date indicates
that considerable time may be required to acsrue the preoposed f1lizht test data,
Fagoradle combinat.oas i abuospheric cond!iions and scheduled [lighu tests
may bhe anticipated on a gtatlatieal basis only. It is propoged that the wind
tunnel tests be conducted at the earliest posamible date also, Tme adeauate
time may be allowed to analyze rezsults and properly evaluate these by a 16 May
target date,

Approved For Release 2003/09/26 : CIA-RDP71B00822R000200010001-5
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VII, Estimated Costs

This section has been prepared in an effort to provide the data required
to make an overall cost estimate for the proposed program. ZExpense items which
can be cstimated by Convalr amount to a total of $63,198. Thia total is herein
broken into three pertinent apreas for further analysis and approval.

A. Mind Tunnel Program

The following cost estimates for the proposed Wind Tunnel Progrem
agswee Yhat sest Llwe 4111 be made ava.iable, Iree of charge, tn the
afuraentioned NASA Lewlis 10 foot,supersonic wind tunnel). Tt is

fuplher assumed that this test prograr will be conducted in eonjunction

with an NASA "sonic boau" researeh program, Experienced personnel and

proven instrumentation accruing fram previocus "sonic boom" researeh at

HASA Langley will be utilized in condueting the program currently

proposed. Additional costs are as follows:

Hodel Construction Costs $ 8,800
Transportation Expenses 1,030
Per Diem Expemses 500

TOTAL $10,330
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B. B»@ Flight Test Pm

The folluwing cost estimates assume that all B-58 "sonic boom”
dalu gathering will be comducted by Convair, Fort worthn personnel in
the local viclwity of thal installation., It is estimated that twelve
(12) local leld urips will be required to obtain the needed satis-
faglory test runs waich will be recorded at three separaie stations,
date galhering will ve phased in with the current B-58 Flighi Test
Program. Ceets to e incurred in equipping and oparaiing caree (3)

Gaba stalione wre as fuilows:

Hanpower (1140 hes. @ $6.45/hr. avg, cost) ¢ 1,353
*Ingirumentaiive tu e Purchased 12,490

2 C.E.C. Transducera ¢ 175 each

2 Statham Transtucers 8 $300 each

2 Aitec-lanaing Transducers ¢ $300 ecach

2 Oneillator Power Supplies for Microphones at

6 Driver Aaplifier and Pre-Amplifier Units at
$610 each

2 Recording Oscillowu @ $2800 each
8 Galvanousters @ $160 each

Materials required 300

TOTAL $ 21,143

1his S8TIRATE npmeen thet arm (3} af spomn () toe Bl By -
sguippec with o nstrumentation currently available au Lhis imstallats o,
It zay be posaible o redues thi 1 9rw by vy ek 4 pishuaiol el elibes-«wins cte TR TS

B . . . P
R TITE % M 0 s R e e ad o et LR N B~

ot i
A L food Ll Teni,
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C. Bomare Flight Test Program
It is assumed that these data will be gathered in the vicinity of

 Cape Canaveral, Florida. Basle support equipment and persannel to man
i} five (5) accustical recording stations are assused to be furnished by

the data gathering agency. Implementation of thiz program and utilization
1

of any Convalr personnel have not been considered. Costs for equipping
the stations with recommended pressure sensing instrumentation iliiustrated

in Figure 10 are as follows:

+Instrumentation {osts (per station) $ 6,285
Katerial Costs (per station) 1c0
Totul pur station 3 G,345

Total for five (5) statlens - $ 31,7T2%

#ote: Prososed instrumentatien of emeh data station and appropriate unit
s are detaided 1n the followinz section., Reference to that
gaction will epable the above costs to be reduced in acecordance
with op-site available equipment invemtories. Attenilon is called
to the fact that the N.A.S5.A. Langley Instrument Poel inventory
includes much of the needed equipment. It is beliewed that two
acoustical detection gtatlons could be instrumentad with equipment
currently avallable there. Equivalent Instrumentation fer five
stations ooulc be implemented by drawing equipment from other pro-
Jects there and appropriating only mik pickup transducers noi in
thelr current inventory.
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VIII. Suggested Instrumentation
It 1s proposed that each data station be furnished three (3) particular
pressure transducers and appropriate amplifying and recording equipment as

follows:
1 Consolidated Electrodynamice Corporation ¢ 1715
Type 4-430 Sound Pressure Level Pickup
1 Statham Laboratories Model P97TC~0.05D-350 300
Differential Pressure Transducer
1 Altec-Lansing Model 21 DR (15C du) 300
Condenser Miorophone

3 Driver Amplifiers and Pre-Amplifiers & 1,830
10 per channel (any models capable of
to 500 cps flat frequency response)

1 Oscillator Power Supply for Microphone 200
1 8~channel Honeywell Visicorder 2,800
4 Galvanometers for Recorder @ $160 each 640
(0 to 500 cps flat frequency response) —
Total per station $ 6,245
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SHocK WAVE EFFecTS DUE To HIGH ALTITUDE SUPERSONIC | L ISHT

TH1S SUBJECT WAS DISCUSSED WITH MR FRED DAUM, AERONAU. IC/L
RESEARCH LABORATORY AND DR, He O. PARRACK, COORDINATOR AIR | ORCL
NoISE & VIBRATION PROGRAM, WRIGHT FIELD.

A BRIEF RECAP: THERE HAS BEEN NO HIGH ALTITUDE SUPERSONIC FLIGHT
TEST FOR THIS PURPOSE ABOVE 50,000 FEET ALTITUDE. PHASE |l OF
" ITTLE BOoOM" RECENTLY CONDUCTED, WAS A HIGH ALTITUDE (BELO! SU,U.J
FEET) SUPERSONIC TEST AND THE REPORT IS BEING PREPARED BY N-SA A7
LANGLEY FIELD, VA. AND SHOULD BE RELEASED SOON.

TWO EARLY REPORTS BY MR, FRED DAUM ARE ATTACHED. A NA O RIPCRT
DATED SEPTEMBER 1959 1S AVAILABLE. OSEE ATTACHED SUMMARY.

AN EXTENSIVE TEST PROGRAM 1S BEING PLANNED AS A PRELIMINARY 10
DEVELOPMENT PLANS FOR A SUPERSONIC COMMERCIAL AIR TRANSPORT. 171!
TEST PROGRAM PLANNING INVOLVES FAA, NASA AND USAF. DR. PARRACK 1t

CONCERNED W|TH THE USAF PARTICIPATION,

4 a;aj (i%dfvma’m/
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SECRET

This document contains information affecting
the national defense of the United States within
the meaning of the Espionage Laws. Title 18,
U.S.C., Sections 798 and 794. Its transmission
or the revelation of its contents in any manner
to an unauthorized person is prohibited by law.
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"The Theory and the Problems of the Sonic Boom"

A Presentation to the Air Force Committee to
Review Present Long Range Air Base Problems

Presented by Mr. Fred L., Daum
Aeronautical Research Laboratory
Wright Air Development Center

Air Resesrch and Developrent Commznd

6 October 1954

Carpenter Litho-& Prtg. Co., Springfield, O.
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"The Theory and the Problems of the Sonic Boom"

The sonic boom phenomenon is not something new but has actually beer:
observed in various forms for many years. For example, a small sonic boom
is created by the cracking of a whip, the end of which actually accelerates
to sonic speeds and generates shock waves which when passing the human ear
are heard as cracks. Also, in ballistics firings it was noted years ago
that supersonic projectiles made a cracking noise as they passed by. In
both of these cases it was recognized that the noise was the result of
shock waves generated during supersonic motion.

Apparently no particular thought was given by the aerodynamicist to
the fact that shock waves generated by aircraft flying at supersonic speeds
would, in addition to increasing the aircraft drag, also be heard by observers
as explosion-like sounds. Thus, the first occurrence of the sonic boam re-
sulting from diving the early F-86 airplanes to slightly supersonic speeds
came as a surprise as mysteri&us unexplained explosions began to appear
across the country. Finally, in about March 1950, several test dives at
Wright-Patterson Air Force Base showed definitely that the diving F-86 did
create the booms heard so mysteriously. Then a number of theories regard-
ing the phenomenon appeared, all trying apparently to account for the varying
number of booms which were heard on different occasions.

Recently aircraft performance has been increased to the point where low
supersonic speeds can now be attained in straight and level flight. It also

appears reasonsble that, in the not too distant future, speeds up to several
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times the speed of sound will be reached. .The knowledge that property damage
and public panic have resulted in the past with aircraft that barely exc<eded
the speed of sound, and then for only short periods of time and at high alti-
tudes, quite naturally leads to the question of, "What will be the effects of
these booms from airplanes flying at much greater speeds and at lower altitudes’®,
and this we will discuss later,

Before going further, let's answer the question, "What is a sonic boom?¥
The answer is that a sonic boom is a sound which is heard when a shock weve,
which is a pressure wave, is created by a body moving at supersonic speec
and reaches the ears of an observer. Sound waves are pressure waves, anc a
single strong pressure wave is therefore heard as a boom. The number of
booms which are heard is the number of shock waves which reach the observer.

Now let's take a minute to see, "What are shock waves?" and, "How are
shock waves generated?" We cannot see the shock waves in air, but an
analogy which we all have seen arises fram the case of a boat moving
through water; the water piles up immediately in front of the boat and
water waves trail rearward at an angle from the bow and stern. Further,
if you were sitting in a small boat and observed the waves being made by
another boat as it passed, you also noticed that your boat rocked as the
waves passed, Also, there probably have been times when the passing boat
was large or passed near by which made large waves and you became quite
concerned about your boat upsettingl A similar thing happens in air in
supersonic flight where the waves are differences in air pressure and
correspond to the difference in water level in the water-wave analogy.

An item worth noting here, is the fact that in the propagation of the
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water wave there is no continuous flow of water in the wave direction but
rather it is a temporary distortion of the surface which moves along. Alse,
for weak pressure waves in air, there is no continuous movement, or flow, in
the direction of the wave but only a small movement where the air jumps ahead,
kicks the air in front of it in the seat of the pants and then quickly jumps
back. Meanwhile, the kicked air passes the kick on and in this manner <he
pressure wave travels through the air at the speed of sound, if the distur-
bance is weak.

It is these pressure disturbances which travel ahead of a body in sub~
sonic motion and warn the air ahead that the body is coming so that the akr
begins to move aside for the body to pass before the body gets there, Now
if the body moves at supersonic speed, these disturbances are not moving
as fast as the body and so there is no way of warning the air ahead that
the body is coming. The air in this case does not feel the presence of the
body until it actually arrives and then very quick action is required far
the air to move aside.

In order to clarify this point let's look at the following chart
(Figure 1) which illustrates a simplified version of the propagation of
pressure disturbances, Here, a stationary source of pressure disturbar.ces
is shown where the pressure waves propagate radially away from the source
at the speed of sound,

Next, consider that the generating source is moving at a subsonic
speed. Each disturbance generated is still radiated in all directions
from the point where it was created. It is seen that there is a tendency

for the disturbances to become more closely spaced in the direction of

Approved For Release 2003/09/26 : CIA-RDP71B00822R000200010001-5



o
Approved For Release 2003/09/26 : CIA-RDP71B00822R000200010001-5

motion because the instantaneoug centéra of the disturbance rings are no longer
superimposed, as in the stationary source case, but are distributed along the
path of the motion.

Now consider that the source generating the pressure disturbances is
moving faster than the speed of sound, This means that the generating
source actually moves outside of the disturbance ring just generated, as
shown on the chart. It is also shown that the disturbance rings all become
tangent to sloping lines drawn rearward from the source. These lines ure
regions where the individuwal disturbances reinforce each other and build
up large disturbances. These large disturbances are shock waves. Looi:ing

at the geometry of the figure it is seen that the wave must be moving sway

from the path of motion in a direction normal to the wave front and at the
velocity of sound. This geometry provides a clear picture of the term "Macth
number"; which is the ratio of the disturbance velocity to the sound velocity
and the term "Mach angle", which is the angle the shock wavé makes with the
path of motion. This was not intended as a rigorous explanation of the
formation of shock waves and a number of slight variations do appear but
this should suffice for the present purpose,

At this time it is appropriate to view a short film which has beer pre-
pared by North American Aviation, Inc. on the subject of the sonic boon.
This film deals with a shallow water wave anology and further demonstrates
some of the points already discussed. The airplane model shown does nct
touch the water but sits upon a support having a double wedge or diamond
shaped section which is in the water; it is the support that makes the

waves,
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The first scene shows an object being dropped into a quiet water surfiuce
and the disturbance waves are seen propagating radially away from the distur-
bance source at a speed which corresponds to the speed of sound in air. Next
the steady state motion case is shown; as the body moves through the water at
a steady speed the head and tail waves are seen trailing fram the body. Next
the waves are shown to form as the body is accelerated. The effects of slowiig
from supersonic to subsonic speeds are next shown; this scene illustrates the
transient case where the waves propagate ahead of the body at about the sound
velogity as the body slows down. This last case will be discussed further,
later on.

The shock wave concept is now the generally accepted theory of the sonic
boom and scme of the early ideas that a sharp pull-out is required or that
the boom results from an accumulation of sound have been sbandoned. The
important variable, in relation to the sonic boom, is the magnitude of the
pressures associated with shock waves, since these pressures determine the
overally loudness of the boom, the possibility of damage to property, and the
likelihood of adverse physiological effects on the human being. Therefore,
we will discuss the pressure characteristics of shock waves.

Our discussion of the pressure characteristics of shock waves will center
around the changes in pressure which occur during the passage of a shock wave  Al:>
we will consider the pressure changes in terms of the units, "pounds per squa:e
foot". In order to get a feeling of what these "pounds per square foot' numbers
mean, as far as the hearing sensation in the ear is concerned, the following
chart (Figure 2) has been prepared. We see here the ear is apparently intended to
operate over the sound pressure level range of about 0.0005 to 2.0 pounds

per square foot, where the sound heard at the 2.0 pounds per square foou
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" pressure level is very loud. Ve see that at 4.0 pounds per square foot tne
sound becomes painful to the listener and at sound pfessures of about 40
pounds per square foot and above, human ear drums begin to rupture.

Let's switch our discussion here to the shock waves which are asé)ciated
with a typical airplane flying at supersonic speed. Looking at the next chart
(Figure 3) two cases are shown. One is for straight and level flight which
gives a steady state condition; the other case is for a diving flight witn
a pull-out and which gives transient conditions and the booms which most
of us have experienced so far. For the steady state condition, the airplane

" and the shock waves move through the ailr as a system. The wave pattern near
the airplane has been simplified on the chart and only the primary waves are
shown; in general these are the main waves with which we are concerned. If
the wave system shown extends downward from the airplane a sufficient dis-
tance to reach the ground, then the waves travel along the ground at the
same speed as the airplane. At each polnt on the ground which the waves
cross, two booms will be heard as the bow and tail waves pass. The air-
plane in this case leaves a continuous trail of booms along the ground
under the airplane. The pressures on the ground at any point which the
waveg crogs would vary about as shown; that is, there would be a strong
compression (the first boom) followed by a gradual decompression to a
pressure below atmospheric, and finally a strong recompression to atmos-
pheric pressure (the second boom).

The diving airplane presents a different picture in that the air-
plane pulls out of the supersonic dive and slows to a subsonic speed

while the shock waves, which are propagating at velocities generally

6
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slightly greater than, but near, the sound speed, pass the airplane and con>
tinue on their own, eventually striking the ground and creating booms.
Theoretical Considerations of Shock Wave Pressures
The theoretical aspects of the transient phenomenon are quite compli-~
cated because of the varying Mach number and the usually curved flight
path and have not yet been very thoroughly investigated. The steady state
case has been theoretically analyzed although many simplifying assumptiors
were made in the analysis. The following chart has been premred (Figure
L) to show the theoretical variation, with distance from the body, of the
jump in pressure across the bow shock wave. The curves were obtained
through application of the results of an analysis of the behaviour of shock
waves produced by bodies of revolution performed by the British Mathemat:cian
Mr. G. B. Whitham. For this, and the following theoretical data which are
presented, it is assumed that the body moves through still air of uniforn
pressure and temperature. The theory further applies to a parabolic bod-
of revolution with thé length of a typical airplane. This plot is aimed
at demonstrating the effects of increasing Mach number and curves are
shown for Mach numbers 1,04, 2, and 4, since it is likely that within
the next 10 years level flight up to perhaps Mach 4 may be achieved.
As seen from this plot, the effects of Mach number are small especially
at distances greater than 5,000 feet. Here, at Mach 1.04 the peak
pressures 5,000 feet away from a typical airplane amount to only about
L, pounds per square foot and increasing the Mach number to as high as
I, only raises the peak pressure to about 7 pounds per square foot., It

was shown earlier that this 4 pounds per square foot will result in a
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painful sensation in the human ear. At greater distances from the airplane the
waves are shown to grow very weak. It will be noted, however, that in going
closer than 5,000 feet the peak pressures observed rapidly increase and at a
Mach number of 1.04 and 200 feet away the pressure expected would be abcut 40
pounds per square foot. Actually, at this speed, the pressure jump immedi-
ately in front of the nose of the airplane amounts to 195 pounds per square

foot. In order to more clearly illustrate the effect of Mach number on the

bow wave pressure jump at close distances the following chart (Figure 5) hae
been prepared and shows, for the size of a typical present day fighter type
airplane, the pressures that might be experienced if the airplane passed
over head at only 200 feet. This clearly indicates that the Mach number
effects are not strong, since doubling the Mach number of 1.3 gives only
about a 30 percent increase in pressure jump.

Now let's consider theoretically what are the effects of varying the
body size, again, for a parabolic body of revolution. This next chart
" (Figure 6) shows the variation of pressure jump across the bow wave with
distance from the body, for a flight Mach number of 1.04 and for bodies of
various slenderness ratios. As would be expected, the larger body diameter
results in greater pressure jumps. If extended down to the very front
of the body these 4 curves would each have to show the same pressure of about
200 pounds per square foot. Here, we have held the body length constant
and varied the diameter. We see that the pressure jump is then directly
proportional to the body diameter-to-length ratio. If we keep the
body shape fixed and merely enlarge the same body, the pressure
Jump at any given distance from the body is then proportional to

the 3/, power of the body length; the pressure does not increase quite
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as fast as the body size. This theory is not valid for distances very close
to the body. The curve for & = ,15 is fairly representative of todays air-
planes, where & 1is the ratio of maximum cross section diameter to the hody
length.

We have assumed so far that the body generating the shock waves is
flying in air at sea level pressure. For the purpose of illustrating the
effects of altitude, or decreasing static pressure, on the magnitude of
the pressure jump across the bow wave, the following chart (Figure 7) has
been prepared. This chart clearly shows that with increasing altitude =he
pressure jump becomes smaller. The reason for this is that the body size,
flight Mach nunber, and the distance from the body determine what the pres-
sure ratio across the shock wave will be; that is, the ratio of pressure
behind the shock to that in front of the shock. Thus, if the pressure in
front of the shock is decreased then the pressure jump will decrease in
order that the pressure ratio remains the same. Then, at 20;000 feet
altitude where roughly only one half an atmosphere pressure exists the
pressure jump is only half of that which would be obtained at sea level.

Also in the case of flight through the atmosphere there is a decrease
in temperature with increasing altitude which roughly amounts to 4.5 de-
grees Fahrenheit per thousand feet, or converseley, in coming down from
altitude the temperature increases. As was shown earlier the speed at which
the shock waves propagate, at appreciable distance from the airplane, is
equal approximately to the speed of sound, The wave speed actually depends

on the speed of sound and the speed of sound, in turn, depends upon the
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absolute temperature of the air., Therefore, in the normal atmosphere, as the
shock waves travel down to lower altitudes the bottom end of the wave begins
to travel faster, which makes the wave curve forward. For an inverted tem-
perature gradient the shock wave would curve rearward, Because of this
temperature difference in the atmosphere it is possible to fly at low
supersonic Mach numbers at altitudes where the velocity of sound is low
and where shock waves are formed and are pulled along with the airplane,
but, with respect to the sound velocity at the ground level the airplane
is subsonic and the shock waves therefore cannot exist at the ground
level, This means then that it is theoretically impossible for an air-
plane to fly in level }1ight at a speed less than 760 miles per hour (or
a speed equivalent to the speed of sound at the ground) and have the
waves which are being pulled along reach the ground, the reason being
that this would result in an impossible case of having shock waves
moving at subsonic speed. The following chart (Figure 8) has been pre-
pared to illustrate the effects of atmospheric temperature on the steady
state shock wave, With the normal temperature variation with altitude
the wave is shown to run forward and stop above the ground at a posi-
tion where the local sound velocity is equal to the airspeed of the
airplane, The inverted temperature gradient causes the wave to sweep
back at a greater angle, as shown,

The distribution of wind through the atmosphere also effects the
shape of the shock wave front. The case of a wind increasing with
altitude is shown on this chart (Figure 9). The airplane is shown

flying into a headwind and at a given airspeed., With respect to the

10

Approved For Release 2003/09/26 : CIA-RDP71B00822R000200010001-5




Approved For Release 2003/09/26 : CIA-RDP71B00822R000200010001-5

air at lower altitudes the airspeed is lower since the head wind is less sc
that in moving down the shock wave the Mach number decreases.~ The effect is
that the wave steepens at the lower altitudes since it must adjust to the
decreasing Mach number, It must be remembered here that the shock waves
and the airplane are all moving through the air at the same absolute speed
as a system. Also shown on this chart (Figure 9) is the effect of the same
wind gradient but with the airplane flying down wind. The expected effect
in this case would be to bend the wave rearward, as shown,. It should alsc
be mentioned here that there is to be expected an effect of atmospheric
pressure on the pressure jump across a shock wave as the wave goes to
lower altitudes. The exact effects are not presently known but this
situation is presently being analyzed and studied in detail along witl
tﬁe other atmospheric effects.

‘ How Does Theory Compare with Experiment?

Let's take a look to see how theory and experiment compare. Onlv a
limited amount of experimental data have been obtained to date. Some data
were obtained from the transient case of the diving F-86 airplane and the
next chart (Figure 10) shows a typical time history of the ground pressure
for this case. It has been learned that the first N-shaped pressure wave
is from the passing of the head and tail shock waves and the second weaker
wave is the result of a transonic wave which begins building up slightly
before the airplane reaches the velocity of sound and which drops away
from the airplane to the rear after the airplane goes through Mach one,
This second set of waves will not be discussed any further because it has

always been observed to be weak relative to the first wave., Little more

1
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than the magnitude of the ground pressures was learned from the early tests.

With the construction of several Air Force airplanes capable of super-
sonic straight and level flight, the WADC experimental efforts were exterded.
The data from this recent study are not yet cqmpletely reduced but the avail-
able results will be presented. i

The following chart (Figure 11) presents the results of several close
fly-bys at Mach 1,04 and compares these points with Whitham's theory. The
experimental data were obtained during tests on a 10,000 foot high mountain
peak but the results have been reduced to equivalent sea level pressure.
The ratio of the effective maximum airplane body diameter to airplane
length was about 0,17 for which this theoretical curve was computed. It
is interesting to note that at 200 feet altitude and at Mach 1.04 a pres-
sure jump of 28 pounds per square foot was measured which would have been
about 36 pounds per square foot if the pass had been made at sea level.
Also, an important point is that fairly good agreement exists‘between'tha
theory and the exﬁeriment indicating that shock wave pressures can be pre-
dicted with reasonable accuracy using the available gimplified theory.

An interesting plot is shown on the following chart (Figure 12).
The solid line represents the theoretical maximum altitude at which
straight and level supersonic flight can be accomplished and have the
shock waves just reach the ground. This accounts only for the standard
atmospheric temperature effects and neglects wind and pressure influences.
The limiting line is shown to rise vertically from 35,000 feet altitude
because the temperature of the standard atmosphere is essentially con-

stant between 35,000 and 100,000 feet altitude. Experimental verificat.on
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of this curve has been loosely established. Also, at an altitude of about
30,000 it presently appears from experiment that the curve will bend over
something like that shown by the dashed line. This plot indicates that
supersonic stréight and level flight is possible without creating booms.
as long as the flight conditions fall in the region above the solid and
dashed lines. It appears possible that the curve will level off between
35,000 and 40,000 feet altitude. This altitude range then, represents
for straight and level flight the limiting distance which these waves
will propagate down through the standard atmosphere and remain audible,
considering only the effects of atmospheric temperature.

Next we will consider the ground area covered by these waves, From
observations made by persons spread along a line, first parallel to the
flight path and then perpendicular to the flight path, the following chart
(Figure 13) has been prepared. The lateral spread measured was not neces-—
sarily a maximum. This is also for the case of the airplane diving to
20,000 feet altitude at supersonic speed. The chart shows that for both
directions the sound-was heard over a ground distance of between 15 and
35 miles., This is only qualitative data but doves serve as a guide regarc-
ing the range of the waves and would seem to discount same of the random
reports which have been made regarding the extreme range supposedly covered
by the waves,

Possaible Damage From Sonic Boom

The question of, "How much damage can be done by the boom?" is diffi-
cult to answer. However, we do know that from the large number of booms made
with the F-86 covering large areas of houses, barns, storerooms and the like,

that comparatively little damage has actually been inflicted and then it was
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confined largely to large plate glass windows with several isolated cases o
cracked plaster or items knocked off of shelves, etc.

There are several known instances of high speed low level flight which
did result in somewhat more severe damage. One instance was the F=100 flight
demonstration for the press at Palmdale when 3 low passes made over the
administration building with a diving supersonic start broke many 1/4 inch
thick door and window glass plates and cracked the boards in the door
frames, No one was injured but glass was reported to have been thromm
far and hard.

Another case of more severe damage occurred during the speed record
runs by the F-100 over the Salton Sea, Damage to 17 homes amounting to
$3,600 was incurred in the form of broken doors, door frames, and windows.

Operational control of all supersonic aircraft is necessary in order
to avoid serious property damage and to minimize ‘the public huisance
aspects of the sonic boom. The Air Force and industry have already
recognized this requirement and local operational procedures have been
generally established which keep the aircraft at fixed distances from
cities, populated areas, and other aircraft, as well as at high altitudes
during supersonic flights. There is no known method of eliminating these
shock waves. The aerodynamicist is working to reduce the wave drag of
aircraft which will reduce the intensity of the waves but not avoid them.

There are no known cases of adverse physiological effects on humans
although present day aircraft are capable of creating shocks with pressure
jumps of about 40 pounds per square foot if they pass close enough, which

is the range at about which human ears begin to rupture. The next item

o
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of physical failure on the human hody with increasing pressure jump is the
lungs but the pressure required for damage to the lungs is about 5 atmos-
pheres and this type of injury is therefore not anticipated.

From some of the reportings of boom effects, it appears that thers is
a tendency to panic if the source of the sound is unknown or not recognized.
Scme animals, however, appear to panic easily and same rather serious effascts
have been reported from various chicken farms.

To avoid these problems, the operational control previously mentioned
appears to be the immediate answer along with a general education of the
public regarding the sonic boom and its characteristics.

Military Application of the Boom

Now, what about possible military applications of the boom? It has
been shown that extreme low altitude supersonic flight will result in high
shock wave pressure jumps —-a} say, 100 feet altitude at Mach 1.5 pressurss
of the order of 100 pounds per square foot might be obtained. Wooden
buildings would be especially susceptible to damage from strong shocks ani
in this pressure range serious physiological and psychological effects
would be expected.

With respect to damaging other aircraft, it may be said that based
on studies of blast damage to aircraft it is possible with present aircraft to
obtain shock pressures in the range where certain types of damage are in-
flicted. However, because of the requirements of extreme nearness of the
two aircraft, it presently appears that air-to-air offensive or defensive

action is not practical.
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Unanswered Problems

There remain quite s number of questions as yet unanswered. Past
experience has indicated that although the pilot has a general knowledge
of what ground area will receive the boom from his supersonic flight, it
often happens that a remote or ﬁnexpected area is boomed. This is especially
true for the case of maneuvering flight, where the aircraft is turning, pulling
up, diving, etc., and it is now important that these transient effects be
gtudied. There are also important questions, such as, "Is there an appreciabtle
focusing effect due to turning flight which builds much higher than usual
shock wave pressures on the inside of the turn?"; "What are the pressure
characteristics of the shock waves generated by a formation of airplanes
at supersonic speeds?"” which must be answered since they could have quite
a bearing regarding the application of shock waves as offensive or de-
fensive weapons. Another question we ask is, "What can we do about the
sonic boom?" ‘The answer is that we lmow of no way to eliminate the booming
shock waves completely. The serodynamicists are working to decrease the
wave drag of aircraft by using more slender wings and bodies, decreasing
wing-body interference drag, properly locating engine air inlets, etc.
Through these efforts the intensity of the wave may be decreased but it
cannot be eliminated.

The question of "How do we prevent the sonic boom from doing damage
to property or injury to humans?" can now only be answered by saying thst we
must apply operational control of all aircraft with supersonic speed capabil-
ities and continue the study of the phenomenon in order that flight
restrictions may be most intelligently established.

The physical size of the phencmenon involved and the many influencing

variables make the experimental measurement problem quite complicated. It
16
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is apparent that it is not practical to instrument the total ground area
covered by the wave, but rather, instruments must be strategicaily locatecd
for providing data for correlation with theoretical results and predictions.
The sonic boom problems and recently acquired test data are presently -eing
evaluated at the Wright Air Development Center to clearly establish the
particular areas in which further research and development efforts are
desired, It is certainly necessary that the experimental study of this
Phenomenon be continued until all of the various facets involved have

been thoroughly exploited and are clearly understood.

17
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